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The effects of sma l l  changes in  eccentr ic i ty ,  inclination and 
argument  of per igee on the motion of the sub-satel l i te  point fo r  24-hour 
orb i t s  were  investigated. The eccentricity was var ied  f rom 0 . 0  to 0. 1 ,  
inclination f r o m  20' to 90°,  and argument  of per igee f rom 0' to 90'. 
Two additional values for  the argument of per igees ,  135' and 180', 
w e r e  used in  one case  for  comparison. 
The r e su l t s  show graphically the delta longitude and latitude of 
the sub- satel l i te  point. -
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SUMMARY 
The effects of sma l l  changes in eccentr ic i ty ,  inclination and 
argument  of per igee on the motion of the sub-satel l i te  point for  24-hour 
orb i t s  were  investigated. The eccentr ic i ty  was var ied  f r o m  0.0 to 0 .  1, 
inclination f r o m  20" to 90", and argument  of per igee f r o m  0" to 90". 
Two additional values fo r  the argument of per igees ,  13.5" and 180°, 
w e r e  used in one case  fo r  comparison. 
INTRODUCTION 
The motion of the sub-satell i te point f o r  an orb i t  shows the t rue  
relat ion between the satel l i te  and the e a r t h ' s  sur face .  If the sub-satel l i te  
paths a r e  available f o r  each of a var ie ty  of orbi ts ,  they will facil i tate 
the miss ion  planner in selecting the mos t  advantageous orb i t  o r  orb i t s ,  
and  the i r  spacing with r e spec t  to each  other .  
The beginning of high-altitude active communications satel l i te  
f l ight  t e s t s  was  the launching of SYNCOM I on Februa ry  14, 1963. 
of the m a j o r  decisions to be made in  connection with any communications 
sa te l l i t e  p rogram is the orb i t  altitude and spacing. 
One 
The purpose of this report  is to p re sen t  the resu l t s  of a study 
concerning sma l l  changes i n  eccentricity,  inclination and argument  of 
per igee  f o r  24-hour orbi ts  and their effect on the sub-satell i te paths.  
2 
DISCUSSION 
A satell i te in  the so-cal led t124-hour" c i r cu la r  orb i t  has  a radius 
of 42 164.4 km and a period of one S iderea l  Day, which is  23 hours  
56 minutes  04.09 seconds of mean so la r  t ime.  One of the advantages of a 
24-hour c i rcu lar  orbi t  is that its relation to the e a r t h ' s  sur face  is 
repeated every day. 
during the the f i r s t  day and, neglecting per turbat ions,  r e t r a c e s  this 
path on each succeeding day. 
In o ther  words,  it t r a c e s  out a sub-satel l i te  path 
When the c i r cu la r  orbi t  is inclined, the satel l i te  t rave ls  such 
that it t races  out a sub-satel l i te  path on the e a r t h ' s  sur face  resembling 
a f igure  "8" as seen in F igu re  1. 
equator with the top symmet r i ca l  with the bottom. 
symmet ry  can a l so  be drawn f r o m  the top to  the bottom of the "8" 
and passing through the mid-point. 
assoc ia ted  with i t  changes somewhat when' the orb i t  becomes eccent r ic .  
F igu res  2a through 2e i l lus t ra te  the effect  of changes in  the argument  
of per igee f o r  var ious inclined orb i t s  with an  eccentr ic i ty  of 0 .02.  In 
F igu re  2 a  the per igee point is located a t  the ascending node. 
point of the "8"  is located a t  the equator and the ll8ll is t i l ted toward 
the eas t .  
"8" i s  tilted somewhat l e s s  than in F igu re  2a. 
has  moved downward. 
The "mid-point" of the 'l8ll is on the 
A ver t ica l  l ine of 
This line and the symmet ry  
The mid-  
Figure 2b has  an argument  of per igee  of 30 deg rees  and the 
However, the mid-point 
F igures  3a through 3e i l lus t ra te  the effect  of changes in the 
These f igures  show the same  t rend  as F igures  2 a  through 2e 
a rgument  of perigee fo r  var ious inclined orb i t s  with an eccentr ic i ty  of 
0 .  04. 
except the tilt i s  a little g r e a t e r  and the mid-point is f a r t h e r  down. 
F igures  4 a  through 4e were  drawn f o r  orb i t s  with a n  eccentr ic i ty  
These f igures  continue the t r end  observed  in  F igu res  2 and 3. of 0.06. 
F igures  5a  through 5g were  drawn f o r  o rb i t s  with an  eccentr ic i ty  
of 0.  1 and arguments  of per igee of O', 30°, 45', 60°, 90°, 135' and 
180',respectively. F igure  5a,  with an a rgument  of per igee of O', is 
a m i r r o r  image of F igure  5g which has a n  a rgument  of per igee of 180' 
Also, Figure 5c,  with an  a rgument  of per igee  of 45', is a m i r r o r  image 
of F igu re  5f which has  an a rgument  of per igee  of 135'. 
F igures  6a through 6e were  drawn f o r  30' inclined orb i t s  with 
a rguments  of per igee of O', 30°,  45', 60' and 90°,respect ively.  
h a s  eccentr ic i ty  as a p a r a m e t e r .  
Each 
3 
Figures  7a through 7d were drawn for  30' inclined orbi ts  with 
eccent r ic i t ies  of 0. 02, 0. 04, 0 .06 and 0 .  10, respect ively.  Each has  
arguments  of per igee a s  a parameter .  
Figure 8 gives the apogee and per igee radius  ve r sus  eccentr ic i ty  
f o r  orbi ts  with a constant period of one Sidereal  Day. 
 TI^: - n -1- ---. - 
r L g ; U I C :  7 3 1 i u w n  ilir: l ~ ~ i i i u d e  ul' LIie suh-perigee pvini ve r sus  the 
argument  of per igee with orbit  inclination a s  a pa rame te r .  
Figure 10 shows the orbital path of SYNCOM I1 over the e a r t h ' s  
surface on July 31 , 1963. 
g rea t e r  than one Sidereal  Day;  hence, the figure l ' 8 ' l  was  drifting 
westward.  
During this t ime the orbi ta l  period was  
Figure I1 shows the orbital path de'sired for  SYNCOM 11. 
can  be achieved by initiating an  impulse that will  reduce the orbital  
period t o  exactly one Sidereal  Day at the t ime the orbi t  i s  in the 
des i r ed  position. 
This 
I t  should be pointed out that 0' longitude on a l l  graphs r e f e r s  to 
the location on the e a r t h ' s  surface of the ascending node, and not to 
any  par t icular  value of the ea r th ' s  longitude, a s  measu red  f rom the 
Greenwich Meridian.  F o r  proper  utilization, one de te rmines  the 
longitude of the ascending node for the orbi t  of i n t e re s t ,  places the 0' 
longitude point on the pertinent graph a t  this location, then the orbi t  i s  
i n  i t s  t rue  geographical relationship with the e a r t h ' s  sur face .  
it is seen  that the longitude scale  on the graphs  a r e ,  in real i ty ,  the 
difference in  longitude measured  f rom the ascending node to the sub- 
sa te l l i t e  path at var ious latitudes. 
Therefore ,  
In this repor t ,  a l l  sub-satell i te paths a r e  r e f e r r e d  to a s  f igure "8" 
i n  o r d e r  to conform with accepted notation; but, it is obvious f rom the 
da ta  presented  that this i s  a misnomer when applied to 24-hour orb i t s  




















WEST+ LONGITUDE, A (deg)  -EAST 
FIGURE 1. MOTION O F  THE SUB-SATELLITE POINT FOR A 
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WEST+ LONGITUDE, A (deg) -EAST 
FIGURE 2a.  MOTION OF THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.02. 
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WEST- LONGITUDE, A (deg) +EAST 
FIGURE 2b. MOTION OF THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.02.  































90 80 70 60 50 40 30 20 10 0 10 20 3 0  40 50 60 70 80 90 
WEST- LONGITUDE, A (deg) -EAST 
FIGURE 2 c .  MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY OF 0.02. 
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WEST- LONGITUDE, X (deg) --EAST 
FIGURE 2d. MOTION OF THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.02. 














90 80 70 60 50 40 3 0  20 10 0 10 20 30 40 50  60 70 80 90 
WEST- LONGITUDE, A (deg) -EAST 
FIGURE 2 e .  MOTION OF T H E  SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.02. 
ARGUMENT OF PERIGEE-90 DEGREES. 
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WEST+ LONGITUDE, A (deg) +EAST 
FIGURE 3a. MOTION OF THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY OF 0.04. 


























- 10 M a 









90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 
WEST- LONGITUDE, A (deg) -EAST 
FIGURE 3b. MOTION OF THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.04. 





















90 80 70 60 50 40 30 20 10 0 10 20  30 40 50 60 70 80 90 
WEST- LONGITUDE, A (deg) -EAST 
FIGURE 3C. MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY OF 0.04. 
ARGUMENT O F  PERIGEE-45 DEGREES. 
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90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 
WEST+ LONGITUDE, A (deg) -EAST 
FIGURE 3d. MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.04. 





















90 80 70 60 50 40 3 0  20 10 0 10 20 30  40 50 60 70 80 90 
WEST- LONGITUDE, A (deg) -EAST 
FIGURE 3 e .  MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.04. 
ARGUMENT OF PERIGEE-90 DEGREES. 



















90 80 70 60 50 40 30 20 10 0 10 20 30 40 50  60 70 80 90 
WEST- LONGITUDE, A (deg) -EAST 
FIGURE 4a. MOTION OF THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.06. 
ARGUMENT OF PERIGEE-0 DEGREES. 
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90 80 70 60 50 40 30 20  10 0 10 20 30 40 50 60 70 80 90 
WEST+ LONGITUDE, A (deg) -EAST 
FIGURE 4b. MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.06. 
ARGUMENT O F  PERIGEE-30 DEGREES. 




















90 SO 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 
WEST- LONGITUDE, X (deg) -EAST 
FIGURE 4 ~ .  MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.06. 





















90 80 70 60 50 40 3 0  20 10 0 10 20 30 40 50 60 70 80 90 
WEST- LONGITUDE, A (deg) -EAST 
FIGURE 4 d .  MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.06. 

































90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 
WEST- LONGITUDE, A (deg) -EAST 
FIGURE 4 e .  MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.06. 
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WEST- LONGITUDE, X (deg) -EAST 
FIGURE 5 a .  MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0. 1. 

























90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 100 
WEST+ LONGITUDE, A (deg) -EAST 
FIGURE 5b. MOTION OF THE SUB -SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.1. 





















90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 100 
WEST- LONGITUDE, A (deg) -EAST 
FIGURE 5 ~ .  MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.1. 




























90 80 70 60 50 40 30 20  10 0 10 20 30 40 50 60 70 80 90 l o o  
WEST+ LONGITUDE, X (deg) +EAST 
FIGURE 5 d .  MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.1. 





















9O 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 
WEST- LONGITUDE, A (deg) -EAST 
FIGURE 5 e .  MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY OF 0.1. 



























90 80 70 60 50 40 30 20  10 0 10 20 30 40 50 60 70 80 90 100 
WEST- LONGITUDE, X (deg) -EAST 
FIGURE 5f .  MOTION O F  THE SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.1. 





















90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 
WEST- LONGITUDE, A (deg) -EAST 
FIGURE 5g. MOTION O F  T H E  SUB-SATELLITE POINT FOR A 
24-HOUR ORBIT WITH AN ECCENTRICITY O F  0.1. 
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1 4 1 2 1 0  8 6 4 2 0 2 4 6 8 1 0 1 2 1 4  
WEST+ LONGITUDE, A (deg) -EAST 
FIGURE 6a. MOTION O F  THE SUB-SATELLITE POINT FOR A 24-HOUR 
ORBIT WITH AN INCLINATION O F  30 DEGREES. 












2 0  
30 
-EAST WEST-- LONGITUDE, A (deg) 
FIGURE 6b. MOTION O F  THE SUB-SATELLITE POINT FOR A 24-HOUR 
ORBIT WITH AN INCLINATION O F  30 DEGREES. 





FIGURE 6 ~ .  MOTION O F  THE SUB-SATELLITE POINT FOR A 24-HOUR 
ORBIT WITH AN INCLIDTATION O F  30 DEGREES. 
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30 
4 2 0 2 4 6 8 10 12 14 16 18 20 2 2  24 26 
WEST+ LONGITUDE, X (deg) -EAST 
FIGURE 6d. MOTION O F  THE SUB-SATELLITE POINT FOR A 24-HOUR 
ORBIT WITH AN INCLINATION O F  30 DEGREES. 
ARGUMENT O F  PERIGEE-60 DEGREES. 
4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 
WEST+ LONGITUDE, A (deg) -EAST 
FIGURE 6e. MOTION O F  T H d  SUB-SATELLITE POINT FOR A 24-HOUR 
ORBIT WITH AN INCLINATION O F  30 DEGREES. 
ARGUMENT O F  PERIGEE-90 DEGREES. 
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6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9  
WEST+ LONGITUDE, A (deg) -EAST 
FIGURE 7a. MOTION O F  THE SUB-SATELLITE POINT FOR A 24-HOUR 
ORBIT WITH AN INCLINATION O F  30 DEGREES. 
ECCENTRICITY -0.02 
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FIGURE 7b. MOTION O F  THE SUB-SATELLJTE POINT FOR A 24-HOUR 
ORBIT WITH AN INCLINATION O F  30 DEGREES. 
ECCENTRICITY-0.04. 
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1 0 8  6 4 2 0 2 4 6 8 1 0 1 2 1 4 1 6 1 8  
WEST- LONGITUDE, A (deg) -EAST 
FIGURE 7 ~ .  MOTION O F  THE SUB-SATELLITE POINT FOR A 24-HOUR 
ORBIT WITH AN INCLINATION OF 30 DEGREES. 
ECCENTRICITY -0.06. 
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WEST- LONGITUDE, A (deg) -EAST 
FIGURE 7d. IMOTION OF THE SUB-SATELLITE POINT FOR A 24-HOUR 
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ECCENTRICITY, e 
FIGURE 8. APOGEE AND PERIGEE RADIUS AS A FUNCTION O F  
ECCENTRICITY FOR A 24-HOUR ORBIT 
37 
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190 210 230 250 270 290 310 330 3 5 0  
ARGUMENT O F  PERIGEE,  w (deg) 
FIGURE 9. LATITUDE OF PERIGEE SUB -SATELLITE POINT VERSUS ARGUMENT 
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FIGURE 11.  THE DESIRED ORBITAL PATH FOR SYNCOM I1 
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